The relationship between PAL NDVI and land use changes in semi-arid regions, China by OSADA, Hajime et al.
The relationship between PAL NDVI and land use changes 
in semi-arid regions, China 
 
Hajime OSADA1* and Akihiko KONDOH2 
1Graduate School of Science and Technology, Chiba University,  
2Center for Environmental Remote Sensing, Chiba University 
*E-mail: osada_hajime@graduate.chiba-u.jp 
 
Abstract 
The land-cover or -use over the semi-arid regions, such as the Northeastern China, was rapidly changed 
in the last twenty years. To detect the environmental changes such as land use, the long term monitoring 
by the space-borne sensors is useful as a big heritage. The objective of this study is to detect the 
environmental changes of last twenty years by satellites and maps based on the local survey. We focused 
on the changes in the Northeastern China. A time series of the Pathfinder AVHRR Land data (PAL) was 
used for this study. Land use maps based on local survey, conducted 1980’s and 1990’s, were also used as 
evidences. Results ware summarized as follows: (1) NDVI was on the rising or roughly no changes in 
most areas . (2) High positive tendency of NDVI could express the land use change to cultivated land 
from grassland in this area. (3) The change pattern of NDVI is different depending on the pattern of land 
-cover or -use change. Satellites could detect the land use changes in local scale. 
 
1. Introduction 
The land-cover or -use over the semi-arid regions, 
such as the Northeastern China, was rapidly changed in 
the last twenty years. For example, the cultivated lands 
of Inner Mongolia autonomous region decreased by 
15.4% from 1978 to 1987, while they increased by 
22.1% from 1987 to 1996 (Yang and Li, 2000). This 
region has been desertification, induced by unsuitable 
land use, such as overcultivation, overgrazing of 
livestock, and excessive gathering of fuel wood (Zha 
and Gao, 1997). To explore suitable land use 
management or assessment, it is essential to monitor the 
environmental changes continuously in time. 
To detect the environmental changes, the long term 
monitoring observed by the space-borne sensors is one 
of the important issues. Since operation of NOAA 
series satellites started in July 1981, the techniques to 
detect the global 
changes of 
vegetation and 
land cover have been developed. There are a lot of studies about the relationships between global changes 
of NDVI and climate factor, such as temperature, precipitation, and radiation (e.g. Nemani et al., 2003, Yu 
Figure 1 Research area and the distribution of linear trend of NDVImax. The area framed in by thick 
line is extracted as the area showing characteristic trend of rising. 
et al., 2003, Kondoh et al., 2002). To detect 
environmental changes, Kondoh (2004) adopted 5 
indicators obtained by AVHRR data, as 
categorizing surface condition. He showed that the 
signal of environmental changes could be extracted 
by using the techniques in local scale. However, 
there are few studies to detect the environmental 
change by human activity in local scale. The 
objective of this study is to detect the 
environmental changes of last twenty years by 
satellites and maps based on the local survey in 
semi-arid regions in china. 
2. Study area and method 
2.1 Study area 
  Study area is located in the semi-arid regions, 
northeast part of China (110~125°E, 40~55°N) 
(Figure 1). Steppe grassland is extensive in this 
area. The average annual precipitation is about 
200 ~ 500 mm.  
2.2 Pathfinder AVHRR Land Data 
For this study, the 10-day composite 
Pathfinder Advance Very High Resolution Land 
data set (hereafter, PAL) was used. The period 
examined is from 1982 to 1999. NDVI 
(Normalized Difference Vegetation Index) was 
calculated from channel 1 and 2. Surface 
temperature calculated from channel 4 and 5 using 
sprit window method. The indicators for detecting 
environmental change are annual maximum value of NDVI (NDVImax), annual integrated value of 
NDVI (iNDVI), annual maximum temperature (Tmax), and annual slope of trajectory on Ts (surface 
temperature)-NDVI space (TRJ) (Nemani and Running, 1997). They were admitted the availability for 
detecting environmental changes (Kondoh , 2004).  
2.3 Land use maps 
Land use map of China, 1:1000000 and 1km mesh Land-use map of China were used for evidences of 
land-cover or change. The period covered of the former is from 1981 to 1987, and it was used as the data 
of 1980s. The period covered of the latter is from 1996 to 2000, and it was used as the data of later 1990s. 
Both maps are based on local survey. The names of the types in the two maps were different. They were 
classified into six types, such as cultivated land, forest, grassland, unused land (e.g. sandy land, sandy 
desert, and saline-alkali land), city-industrial area-habitat, and water.  
(a)
(b)
Figure 2 Land use map of 1980s (a) and later 1990s (b).
Figure 3 Composition of land use types, 1980s and late 1990s. 
2.4 Method 
To extract the area through characteristic change, the linear 
trend of NDVImax of PAL is obtained from 1982 to 1999. In 
the area extracted by above mentioned, land-use or cover 
change based on the 2 land use maps was compared with the 
changing trend of each indicator.  
3. Results and discussions 
3.1 Long term change analysis in large scale 
 Figure 1 shows the linear trend of NDVImax in the whole 
study area. It shows that rising or roughly no change in most 
areas. Its rising may mean that annual production of 
vegetation in most areas. The characteristic signal that 
investigates increasing production of vegetation, was 
extracted in southeastern area of Inner Mongolia. 
3.2 Land use change 
Figure 2 shows the Comparison between the 1980s and the 
later 1990s. It indicates that the land use has been changed 
significantly in this area. In southeastern part in the area, 
large unused land changed to grassland. In south part of the 
area, grassland changed to cultivated land. Figure 3 shows 
the composition of the area of land use types in 1980s and 
later 1990s. The cultivated land increased by 10.0 %, and 
grassland decreased by 14.4 %. The change must indicate 
that large area of unused land turned into grassland.  
3.3 Comparison of PAL data and land-cover changes 
Figure 4 shows temporal changes of indicators in the area 
where changed 
grassland from 
unused land, and 
cultivated land from grassland. NDVImax is on the rise in both areas. The slope of linear regression, 
where changed cultivated land from grassland, is higher than where changed grassland from unused land. 
In the area changed cultivated land from grassland, iNDVI is also on the rising. But in the area changed 
grassland from unused land, iNDVI isn’t on the rise on the after 1990, when it reaches at the maximal 
value in 1990. The change pattern of Tmax is similar in the 2 areas. The differences between the two 
areas is 5.2 ℃ in 1996 at the maximum value. It indicates that the differences of land cover produced the 
difference of temperature.  
Figure 5 shows Difference of the average value of indicators between 1982-1987 and 1996-1999. The 
signal of the change to cultivated land from grassland on south part could be extract by NDVImax, 
iNDVI, and TRJ. NDVImax corresponds best with the changes of land-cover in 4 indicators. In the area 
changed from unused land to grassland, the coincidence of a distribution with land-cover or -use change 
Figure 4 Temporal changes of indicators at the area where the land-cover changed (a): NDVImax. (b): 
iNDVI. (c): Tmax. (d): TRJ  
was not obtained. In the Tmax , non-random spatial patterns are obtained. But the distributions don’t 
correspond to the change patterns of land-cover or -use changes. 
4. Conclusion 
 In this research, the area implied characteristic change was extracted by using PAL. The relationship 
between the indicators by using PAL and land-cover or -use changes, was examined in the extracted area. 
It is found that the change of land-use or cover can explain the some extracted signal of characteristic 
change by using PAL in local scale. The intensity of the environmental change signal is different 
depending on the pattern of land -cover or -use change. To detect the environmental changes in semi-arid 
regions, it is difficult to explain the land cover changes by using only the variation of NDVI. In the future, 
it is necessary to examine the relationship among the patterns of more detailed land covering changes, 
remote sensing data, and several causes of changes, such as human activity and climate-driven. 
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Figure 5 Difference of the average value of the indicators between 1982-1987 and 1996-1999.  (a): 
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